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THE  S730T  0?  CURPAOE  iK)lX>JiN;io..  'Ji-ON  23   3T  AUMINUH   ALLOY 
OUBJ^OTin)  TO  il^tiATiiD  TSN3ILE  STH£iSSi>  AriO/::  xii;  i'HOi^O^ITION/a 

Fatigua  tests  were  conducted  on  34  specimens  of  25  2»r  eduninum 
alloy  for  the  purpose  of  determinin::  the  effect  of  surface  rou{:)-iryoaa 
on  the  fatigue  life  of  the  laateriGl  when  subjected  to  constant  re- 
peated tensile  stresses  above  tho  proportional  ILTiit.  In  addition, 
the  basic  stress  vo.  oycle  ourvo  for  25  3T  aluminum:  alloy  .yas  ex- 
tended to  include  the  range  of  cycles  below  100,000, 

A  maohine  capable  of  applying;  repeated  pure  tension  loads  at  the 
rate  of  52  cycles  per  minute,  without  shook  but  with  a  high  rate  of 
loadingf  was  used  to  obtain  the  data. 

It  was  found  that  the  rate  of  build*up  and  the  duration  of  the 
impulse  created  an  equi Talent  static  load -equal  to  the  pealc  of  the 
impulse  loading* 

For  the  material  tested,  it  was  found  that  as* the  surface  rough- 
ness increased  from  5  /^  to  200^  ,  the  life  expectancy  of  the  alloy 
in  general  was  reduced*  However,  the  experimental  results  revealed 
a  larger  degree  of  scatter  in  the  cyclic  range  below  40»000  cycles 
as  opposed  to  the  relatively  consistent  data  obtained  at  tho  hit:her 
cycloG.  Therefore,  no  general  conclusions  could  be  ascertained  as  to 
the  effect  of  roughness  on  the  fatl/^ue  life  of  the  material  in  the 
J  high  stress  region. 


■n,l8  mvosUgation  was  enrrlrd  out.  at  the  Daniel  Ouggenhelm 
Aeronr.utloal  Laboratory.  Callfomls  Institute  of  'ochnolocy.  rnsa- 
den?..   ^Qlifomia* 
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I.  INTaODUOTICN 

The  purpose  of  this  InTestigation  is  to  determine  the  effect 
of  roughness  on  the  fatigue  strength  of  23  ^  aluminum  alloy  in  the 
range  of  cycles  between  3^0   and  100,000. 

Fatigue-strength  ourres  for  aluminum  alloys  ordinarily  cover 
a  range  o£   cycles  starting  at  50fOOO  to  100,000  and  extending  to 
approximately  500 ,000, 000.  Since  aluminisn  alloys  hare  wide  appli- 
cations in  industry*  much  useful  engineering  information  would  be 
obtained  by  extending  these  cuinres  to  include  the  lower  cyclic  range* 
Many  aircraft  structural  roombers,  such  as  parts  of  the  landing  {^bt 
assembly,  are  subjected  to  tensile  stresses  in  the  cyclic  ranges 
considered  in  this  report. 

The  problem  of  determining,  in  its  entirety,  the  effects  of 
repeated  loads  on  aluminum  alloys  is  enormous.  Closely  allied  prob- 
lems have  been  investigated  during  the  past  few  years;  however,  lit- 
tle experimental  data  have  been  made  available  on  the  subject. 

The  design  and  building  of  an  adequate  testing  machine  for 
carrying  out  the  tests  in  the  range  of  cycles  considered  was  accom- 
plished in  1947  ^y  Lieut.  Oomdrs.  Robert  L.  LSastin  and  Ikiward  G. 
Bull,  U.  S.  Navy.  The  machine  was  modified  slightly  by  Mr.  (Jhinta- 
kindi  7.  JogaHao  and  Captain  Conrad  N.  Nelson,  U.  S.  Air  Force t 
The  work  of  Bull  and  Mas tin  was  carried  further  as  reported  in  the 
thesis  by  Conrad  N.  Nelson,  Captain,  U.  S.  Air  Force,  "Repeated 
Loads  Aobve  the  Proportional  Limit  on  24  ST  /vluminum  ^dloy",  C.I.T. 
194Q. 


.^ 
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Tho  above  authors*  work  showed  that  almost  all  deformation  takes 
place  in  the  first  ten  oyoles  of  the  applied  stress*  and  that  thez*e  is 
no  relation  between  the  elongation  of  a  speoiinen  end  its  life  expectancy* 
They  also  indicated  that  aging  time*  magnitude  of  OTerstresses,  and 
initial  stresses  had  an  effect  on  the  life  expectancy  of  24  3f  aluzninum 
alloy.  However,  their  test  results  on  the  effects  of  aging  time,  etc. 
were  not  conclusive »  as  stated  by  the  authors*  and  they  suggested  farther 
work  on  the  problem  in  general. 

Since  the  problem  is  vast  in  scope,  covering  a  large  number  of 
metals,  their  alloys,  end  an  infinite  number  of  loadings,  only  one  phase 
of  the  subject  was  considered,  i.e.  the  effect  of  surface  roughness  upon 
23  3T  aluminum  alloy  subjected  to  repeated  tensile  stresses  in  the  cyclic 
range  below  100,000  cycles.  Although  only  one  alloy  was  tested,  the 
effect  of  surface  roughness  on  other  aluminum  alloys  would  probably 
parallel  these  results;  however,  further  work  is  necessary  to  establish 
the  basic  high  stress-low  cycle  curves  for  the  other  coDsaon  aircraft 
materials.  It  is  to  be  noted  that  these  resixlts  apply  only  to  members 
with  froely-hinged  ends. 

Itiis  investigation  was  carried  out  in  collaboration  with  Lt.  Comdr. 
W.  M.  Ringness,  U.  S.  Navy,  at  the  Daniel  Guggenheim  Aeronfjutical  Labor- 
atory, California  Institute  of  Teolinolc^»y,  Pasadenr;,  California,  in  1949* 
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II.  Bq,iiirM:jrr 

Teat  SDoolr»ng 

All  apoclraana  ware  made  froti  ft  25  -^  forging  whose  chemloal  cora- 
poaition  waa  4«43^  ^t  0,67%  Si,   0.0l6^  Mg,   0,^3%  Fe,   0.73:2  U!n,   0.23;C  Sn, 
0.02:5  Or,  and  remainder  Al,     "nie  alloy  had  the  following  proijertiesi 

Yield  Strencth  -  39.400/41,250  p.e.i. 

Itenslle    Btrens^  -  53 •000/61, 39 6  p.s.i* 

%  Elongation  in  2  inches  -  l6i/17 
iSaeh  specimen  was  oaref ally  made  with  the  customary  hig^  standards  of 
experiisental    work  by  the  G.I.T.  Machine  Shop  in  accordance  with  7ig.  1* 
Ab  reconnended  by  Captain  Conrad  N.  Nelson,   U.  3.  Air  ^orce,   (Jtef.   1) 
the  fillet  radius  was  doubled.     Ihe  surface  roughness  was  applied  by 
circumferential  grooving  giving  ridges  of  5/xt  S^u*  lOO^a,  and  200  cx . 

A  round  tool,   radius  3/16*  was  used  on  a  Pratt  and  Whitney  13* 
Lathe,  Model  B,     The  advance  used  for  the  grooving  ^vas  as  followsi 

Eoughness  Advance 

5 /A-  0.0012  in. /rev. 

50^-^  0,007     in. /rev. 

100/^  0.010     in. /rev. 

200/^  0.0143  in. /rev. 


/ 


The  roughness  was  checked  on  a  Profilooeter  built  by  Physicists 
Besearch  Company. 


I?' 


-4- 

Tha  testing  maohlxie  was  designed  and  built  in  the  194^-47  sobool 
year  at  C«I«T.  by  Lieutenant  Oomrriendera  Bull«  Mestin*  and  Solit  and 
Lieutenant  Ditch*  all  of  the  U.  S.  Navy,  and  subsequently  i»>dified 
by  Mr.  Chintakindi  7.  JogaRao  and  Captain  Nelson,  U.  S.  Air  Foroe  to 
strengthen  the  H*beain  base  of  the  platform  (Refs.  1  and  2)»  Addi* 
tional  modifications  were  made  by  Lieut*  Ooodr*  iV«  lu   Ringness,  U*  3« 
Navy  and  the  aut}ior» 

The  raaohine  oonoists  essentially  of  an  aircraft  type  hydraulic  sys- 
tem which  applies  e  pure  tensile  load  (design  maxizoum  of  11,500  lbs*) 
to  the  specimen  which  is  anchored  at  one  end  and  secured  at  the  other 
to  a  piston  of  the  hydraulic  systeii  (See  Figs.  3  and  4)« 

I^draulic  pressure  is  supplied  by  a  positive  displacement  gear 
pump  driven  by  a  five  (3)  h.p.  220»volt  A.G.  electric  motor  rated  at 
1140  r»p«a.  A  step-up  reduction  gear  of  3«06  to  1  raises  tlie  pump 
r«p*m.  to  3420. 

The  hydraulic  system  (7ig.  11)  begins  at  a  six  and  eight-tenths 
(6«8)  gallon  reservoir  with  filler  strainer*  The   fluid  passes  through 
an  oil  strainer  to  the  suction  side  of  the  pump,  through  a  pressure 
relief  valve  (set  to  lift  at  I230  p.s.i.),  an  acoumuletor,  a  pressure 
regulating  valve,  a  Tickers  solenoid-operated  pilot  valve,  and  hence 
to  the  cylinder.  A  Bourdon  hydraulic  pressure  gage,  protected  from 
shock  by  a  shut-off  valve,  is  installed  in  "ttie  line  just  ahead  of  the 
pilot  valve.  Four  return  lines  are  provided  one  each  from  the  low 
pressure  end  of  the  cylinder,  the  discharge  side  of  the  pilot  valve. 
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regulating  valvet  and  relief  valve- 

The  reaervoir  was  filled  by  means  of  a  hand  pump  located  within 
the  main  frasie  of  the  machine*  Although  all  types  of  oil  were  used 
no  failures  of  the  systeci  were  attributable  to  the  fluid. 

The  movement  of  the  piston  is  controlled  by  the  71ckers  solenoid 
triggered  through  contact  points  operated  by  a  circular  cam  driven 
by  a  1/20  H.F.  110- volt  A.Q.  universal  wound  motor.  This  same  raotor 
also  drives  a  n^chanical  counter  which  indicates  exactly  one-half  of 
the  actual  number  of  piston  strolces  (?ig.  12, •  •«* 

The  entire  system  (Figs.  3*  6,  and  7)  except  for  the  specimen, 
its  fittings,  the  cylinder,  the  pressure  gage,  the  counter,  end  the 
electrical  controls,  is  mounted  below  the  table  top. 

The  test  platform  consists  of  two  3"  steel  H- beams,  six  feet  long 
bolted  together  upon  which  are  mounted  heavy  steel  fittings  to  anchor 
the  cylinder  and  the  fixed  end  of  the  test  specimen.  The  11.3  sq.  in. 
piston  is  attached  to  a  universal  Joint  which  in  turn  is  connected  to 
the  load  coupon  (?lg*  2)*  The  test  speoii!»n  is  secured  between  the 
load  coupon  and  another  universal  joint  which  is  in  turn  screwed  onto  a 
fitting  which  bolts  onto  a  hoavy  netal  tee-chapod  anchor  fastened  to 
the  top  II- beam.  The  universal  joints  ^ich  r«aove  bending  stresses 
carry  counter   weights  for  static  balance  of  the  free  ends.  Lt.  Cdr. 
Ringness  and  the  author  installed  safety  guides  for  these  balances 
since  there  was  a  tendency  for  them  to  rotate  the  universal  joints. 
However,  these  ruides  were  made  very  loose  to  allow  for  axial  movanent 
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of  the  weights  as  well  as  a  few  degrees  of  rotation. 

During  the  first  few  tests  it  was  obsei^ed  by  the  Investiga- 
tors that  the  cylinder  end  fixed  end  did  not  have  the  proper  align- 
ment •  thereby  introducing  bending  loads  in  the  apeoiraen  in  spite  of 
the  universal  joints.  To  correct  this,  shims  were  placed  under  the 
hydraulic  cylinder  until  all  noticeable  effects  of  bending  were  elim- 
inated* 

Since  it  was  necessary  to  leave  the  machine  in  operation  for  ex- 
tended periods  of  tlioe  (the  rate  of  loading  was  52  cycles  per  minute)* 
an  additional  modification  of  the  testing  machine  was  considered  essential. 
This  change  consisted  of  installing  a  micro-switch  in  the  electrical 
circuit,  the  operation  of  '^ich  shut  down  the  entire  system.  The 
switch,  modified  frora  a  "noinally  closed*  to  a  ^norrruslly  open"  type, 
was  located  on  the  testing  platform  in  such  a  position  whereby  upon 
failure  of  the  test  specimen  a  collar  on  the  piston  struck  the  actuat- 
ing arm  of  the  micro-switch  as  the  piston  returned  hocne  upon  fr&cture 
of  the  test  piece*  V,"hen  the  z;doro- switch  was  actuated,  it  opened  a 
three-pole,  double- throw  relay  if^ich  controlled  the  counter  circuit, 
the  solenoid  circuit,  and  the  main  motor  cutoff  switch  (l^lg*  12). 
This  modification  made  W   Lt.  Gdr.  Bingness  end  the  author  allowed  the 
Investigators  to  subsequently  carry  out  many  more  tests  than  would  have 
been  possible  had  this  change  not  been  made. 

Load  Measuring  Ooupon 

•Rie  "load  coupon*  (Fig.  2),  located  i>etween  the  hydraulic  piston 
and  the  test  specimen,  is  the  device  used  for  measuring  accurately  the 
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aotual  load  beinc  applied  to  the  speclnon.  Islounted  at  ninety  degree 
spaoing  on  the  oteel  couion  were  four  (4)  3R-4  reaiatonce  wire  atrein 
ge^^s.  These  gages  Tiere  connected  in  series  to  increase  the  sensi- 
tivity and  to  remove  bending  effects  of  tlie  coupon.  This  was  the  only 
means  of  accurately  measuring  the  stresses  as  the  pressure  gege»  hav- 
ing once  been  calibrated  against  the  load  in  the  cylinder,  proved  to 
be  only  a  rough  check  on  the  applied  load* 

Sleetrical  Loa^  Ueaeurine.   Saulaaent 

The  electrical  load  measuring  equipment  consists  ot   the  ''load 
coupon*  with  its  four  strain  gages  connected  in  series,  an  amplifier, 
a  control  panel,  a  liailand  Recording  Oscilloscope,  and  associated 
power  supplies  consisting  of  110-volts  A.^.  and  6-volt  batteries  as 
necessaiy  (Fig.  13 )• 

A  ^Vheatstone  .Sridge  circuit  measures  the  change  of  resistance  of 
the  gages  with  changes  in  load.  This  signal  is  sent  through  the  ampli- 
fier, hence  on  to  the  llsiland  Recording  Oscilloscope  which  in  turn 
nakes  a  photographic  record  of  the  load  applied,  autooatically  plot- 
ting this  load  against  a  tiine  axis.  Ihus  the  rate  of  loading  is  also 
recorded • 

Incorporated  within  this  electrical  system  is  a  method  of  apply- 
ing known  electrical  loads  of  1000,  2000,  3000,  and  4000  pounds*  This 
electrical  feature  provided  a  means  of  comparing  the  applied  load  with 
a  known  standard  during  testing*  This  was  acccxnplishcd  as  follows i 

After  the  strain  gages  were  cemented  onto  the  coupon  and  checked 
separately,  the  coupon  was  placed  in  a  Riehle  Bros.  Tensile  Testing 
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Machine.  The  gages  were  connected  in  series  and  a  recoil  of  e.m.f . 
drop  across  the  gage  (in  millivolts)  vs*  load  on  the  coupon  was  made 
(«fig.  15) •  During  this  strain  gage  calibration,  the  amount  of  re- 
sistance was  determined  which*  when  connected  in  parallel  with  the 
Srt-4  gages,  would  give  electrically  the  same  effect  as  applying  cor- 
responding static  loads  of  1000,  2000,  30OO,  end  40C)0  pounds  to  the 
load  coupon.  These  known  resistances  were  installed  in  the  control 
panel  and  then  connected  to  the  electrical  circuit  through  a  selector 
switch.  Then  it  was  possible  to  select  any  one  or  all  of  the  four 
known  electric  loads  while  the  test  was  in  procress  and  thus  place 
a  standard  calibrating  line  on  the  recording  paper  in  the  Ifeiland  He- 
oorder.  xfence  with  each  actual  load  that  was  recorded  there  was  as- 
sociated with  it  a  known  standard  calibration  Load  vs.  Tiaie  curve. 
This  calibration  method  eliminated  errors  due  to  voltage  and  temper- 
ature changes  inherent  in  the  power  supply. 

'Hie  sensitivity  of  the  strain  gages  could  be  controlled  by  con- 
trolling the  voltage  applied  across  then.  However,  after  a  few  trials, 
it  was  ascertained  that  two  six-volt  direct  current  batteries  connected 
in  series  gave  the  best  results  in  that  the  full  width  of  the  recording 
paper  ^^^  '^^^  utilized. 

The  Holland  was  powered  by  ten  volts  of  direct  current. 

Fig.  3  shows  an  oscilloscope  recording  which  is  typical  of  those 
obtained  on  all  tests.  T^ie  information  as  taken  from  Pig.  3  is  tabulated 
below « 
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Duration  of  'Z&ro  Load  0.63  oeo. 

Duration  of  Maximum  Load  0*33  soo* 

lime  -  No  Load  to  ?'ull  Load  0.14  s«o« 

TliM  -  Full  Load  to  No  Load  0.025  sec. 

ilme  for  one  complete  cycle  1.125  s«o« 

Number  of  cycles  per  minute  3^ 

MaxiiQum  Rate  of  Loadin/?  41  #700  Iba./sec. 

Liaximan     Hate  of  Unloading  134,000  lb8./s«o» 

Since  the  rate  of  loading  of  the  speciraen  had  been  established 
as  being  satisfactory  by  x3ull  end  Mastin  (ilef •  2)   the  Hsiland  He- 
cording  Oacilloscope  was  used  only  to  obtain  the  magnitude  of  the 
applied  load. 

'The  possibility  of  utilizing  other  load  measuring  and  recording 
derioes  such  as  a  large  oscilloscope  with  a  retentive  screen  was  in- 
vestigated by  Nelson  (Ref •  1).  However,  he  found  that  the  low  fre- 
quency of  the  testing  maohine  precluded  the  use  of  such  devices* 
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III.  ?:]Oz::ryjx: 

Tables  III  through  LVl  tabulate  the  data  obtained  during  this 
investigation. 

After  ell  preliminary  calibrations  were  made,  a  series  of  fatigue 
tests  were  made  on  23  2T  alualnuia  alloy.  For  record  purposes  all 
tests  ere  listed  in  this  report  even  though  in  some  cases  useful  data 
were  not  obtained.  Each  test  wsa  run  until  the  specimen  failed.  Fig. 
10  is  an  example  of  a  complete  typical  data  sheet. 

The  actual  loads  applied  during  any  one  test  were  determined  in 
the  following  manner* 

Three  calibration  lines  were  established  by  recording  the  equiv- 
alent 1000,  2000,  and  3000,  or  2000,  3000,  and  i^OOO  pound  electric  loads 
on  the  Ilailend  Ilecorder.  The  applied  load  was  recorded  ininediately  af- 
terward. This  procedure  was  continued  thi^DUt^hout  the  test.  K   typical 
set  of  such  readings  are  shown  in  Fig.  9« 

The  heights  of  the  calibration  and  load  lines  are  measured  after 
the  filia  is  developed  and  dried.  For  example,  from  Fig.  9  It  appears 
that  0.32"  corresponds  to  a  1000  pound  load.  The   load  line  is  0.84" 
in  height.  Thus  by  simple  arithmetic  the  load  is  computed i 

~]-^  X  1000  -  2623  pounds 
The  corresponding  stress  (orose-section  area  being  O.0707  sq.  in.) 

^tfo7  -  3/.130  p.e.i. 
No  effort  was  made  to  calibrate  the  hydraulic  pressure  gage,  as 
was  done  by  the  previous  investigators,  since  the  first  few  tests 


-11- 

showed  thftt  the  relation  between  the  hydraulio  pressure  sage  setting 
and  the  actual  load  Gpplisd  would  chan^  frosn  day  to  d«^»     liowever, 
tlie  pressure  t^a^e  was  used  to  detorroinfi  the  initial  load  setting. 

Although  tlie  hydraulic  systoM  does  not  Jceep  e  perfectly  constant 
loadt  the  losd  variations  were  not  orer  excessive  during  any  oonplete 
test* 


^- 


^.w  where 
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IV.  RS3ULTS  ANi3  DISCISSION 

Aa  mentioned  previously  in  this  report,  the  frequency  of  load 
application  la  0.867  oyclee  per  second*  Since  the  load  application 
is  non-Bteady  in  nature,  it  eee^ned  desirable  to  investigate  the  ef- 
fect of  any  longitudinal  vibrations  that  sight  be  set  up» 

Froa  Den  Hartog,  Appendix  II,  (Hef .  3) 

f  =  i 
1 
f  -  fundamental  natural  frequency,  cycles/sec o 

m»  =  mass/unit  vol.  O.IOI/386  lb.  sec^in^ 

X   r length,  2« 

S  r  10,300,000  p.S.i. 

The   natural  period  is  then  Tr*z2.02  x  10"5  seo.  Thus  all  vibra- 
tion will  be  damped  out  between  cycles  since  ,1   m'jQj'^o-3  ^  3»115»000 
natural  periods  are  completed  (Rest  periods  -   O.63  seconds).  There- 
fore, there  is  no  effect  on  this  system  duo  to  the  periodicity  of 
loading. 

In  order  to  detennine  a  dynamic  load  factor  for  this  elastic  sys- 
tem, as  outlined  by  Dr.  J.  }&»   Frankland  (Ref.  4)t  certain  assumptions 
zQust  be  fulfilled  to  allow  treatment  as  a  one  degree  of  freedom  system. 

1.  The  iii^>ulse  should  be  at  least  one  tenth  of  the  duration  of  the 
natural  period a 

2.  The  impact  load  should  be  distributed  fairly  uniformly  over  the 
structure. 

3o  The  fundamental  sikDde  should  be  uncoupled  with  higher  modes.  All 
three  conditions  are  fulfilled  by  this  system  idealized  to  the  extent 
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that  the  fxmda.'nsntal.  raode  considered  is  lonf;itudinal  and  may  bo  aa- 
sumod  uncoupled  wltli  higher  modes  (Condition  3)»  '^®  other  two  con- 
ditions or  assumptions  are  obviously  met* 

t^liere  the  duration  of  impulse  is  long  ocoipared  to  the  natural 
period  of  the  ay3tem«  as  in  this  oase,  Dr>  Frankland  states  that  the 

important  parameter  is  the  rate  of  buildup  of  the  impulse*  Thus 

2     P^o 
n  =:  1  -\-  -5~  sin  -nf'    where 

P*o     ^ 

n  =  dynamic  load  factor ^■*^*'^"* 


impulse  peak  load 
e*s*l«  "=  equivalent  static  load 

p  =  circular  natural  frequency 
t   '  time  required  for  buildup  -  0.14  sec. 
'  pt^  =  2iTC49.500)(.i4)  -  43.630 

2      P*o 

Since  -^  sin  -^  <<1,  the  equivalent  static  load  is  approxi- 
mately equal  to  the  peak  of  the  impulse  loading.  Therefore,  the 
system  can  be  considered  subjected  to  the  loads  as  determindd  by  the 
load  measuring  equipment  described  on  page  7. 

It  must  be  pointed  out  that  if  the  buildup  time  is  in  the  neigh- 
borhood of  the  natural  period  of  the  systemt  equivalent  static  loads 
equal  to  twice  the  peak  loading  may  be  expected.  AlsOt  njt  only  equiv- 
alent static  loedin^^  but  rate  of  buildup  must  be  considered  when  com- 
pering these  results  to  similar  investigations. 

Figs.  16,  17,  13,  19,  and  20  are  the  plots  of  the  test  data  com- 
piled in  Tables  III  through  L7I  inclusive.  Since  it  has  been  deter- 
mined that  vibration  in  this  system  has  negligible  effect  on  the 
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resulting  loading*  the  loads  listed  in  the  Tables  can  be  considered  as 
the  actual  loads  applied* 

An  examination  of  the  data  reveals  the  accuracy  achieved  in  at- 
tempting to  hold  a  constant  load  throughout  a  complete  test*  All  re- 
sults »  where  sufficient  infonnation  was  obtainedt  were  plotted.  Al- 
though no  definite  reading  interval  was  esteblisted  between  runst  it 
can  be  assunaed  that  where  long  periods  of  time  existed  between  read- 
ingSt  the  load  remained  constant.  The  test  data  substantiates  this* 

The  basic  curve,  specimens  tested  with  a  5/^ roughness,  is  sJ^own 
in  Fig.  16  •  The  results  for  roi^hnesa  factors  of  50  ^»  100  2^,  and 
200 /x are  plotted  and  represented  in  Figs.  17«  10,  and  19  respectively. 
Fig.  20  is  a  compilation  of  all  results.  The  type  of  break  was  also 
recorded  on  each  Figure,  but  the  type  (normal  or  fillet)  had  little 
or  no  effect  on  the  general  trend  of  the  curves. 

Ttie   scatter  is  that  i^diich  is  to  be  expected  in  compiling  experi- 
mental data  of  this  type.  Hawever,  as  a  result  it  was  difficult  to 
ascertain  the  precise  location  of  the  curves.  But  it  is  felt  that  in- 
creasing roughness  has  a  definite  tendency,  however  sniall,  toward  de- 
creasing the  fatigue  strength  of  25  ST  aluminum  alloy.  Time  prevented 
further  investigation  of  the  portion  of  the  50> curve  in  the  cyclic 
range  between  5»000  and  45*000  cycles. 

Upon  closer  investigation  of  Fi^^.  20  it  eppoars  that  rou£hnes8 
has  more  effoot  upon  the  cyclic  life  of  this  matorifU.  in  the  rang©  of 
40,000  cycles  and  upwards  than  in  the  region  below  40,000  cycles.  The 
data  were  also  nore  consistent  in  this  ran^©.  Althoufib  negative  in  na- 
ture, it  appears  that  tli©  different  surface  rougimesses  have  very  little 
effect  on  25  ST  when  failure  occurs  at  stresses  correspondin^r  to  cycles 
lower  than  40,000.  It  is  felt  that  further  investigation  along  these 
lines  of  the  other  important  aluminuni  alloys  is  needed. 
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V,   00NCLU3I0NS 

7or  the  mRtorial  tested,  25  3T  aluminum  alloy,  aurfnoe  rox^gh- 
nesQ  reduced  the  life  expectancy  of  the  alloy  ithsn   subjected  to 
constant  repeated  tensile  stresses  which  were  above  the  proportional 
limit.  Aa  the  surface  rouc^hnese  increased  from  5.^ to  200^,  the 
number  of  cycles  to  cause  fail^^ro  of  the  test  apeoiiaen  for  a  giren 
load  decreased*  The  results  were  more  pronounced  In  the  range  from 
40 » 000  to  100,000  cycles. 

In  the  regions  below  40tOOO  cycles  the  acoount  of  scatter  in- 
creased. It  was  therefore  impossible  to  draw  accurate  conclusions 
as  to  the  effect  of  surface  roughness  on  the  cyclic  life  of  23  3T 
aluminum  alloy  in  this  region  except  that  this  Indicated  the  conver- 
gence of  oXl    curves  on  the  point,  N  =-   1  cycle,  0~  -   ultimate  tensile 
strengtli  • 
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As  a  result  of  this  investigation  the  following  recocisenda- 
tions  are  madei 

1.  That  similar  tests  be  carried  out  for  other  aluminum  al* 
loys  oonsnon  to  the  aircraft  industry. 

2.  That  the  direct  current  supply  be  replaced  by  alternating 
current  in  the  applicable  circuits  of  the  electrical  load  laeasur* 
ing  equiFsnent* 

3»  Ihat  the  rate  of  loading":  be  increased  froa  52  cycles  per 
minute  to  two  or  three  tiiaes  this  value,  thxis  reducing;  the  time  re« 
quired  to  complote  a  single  test. 

4*  That  a  precision  type  pressure  control  valve  be  installed 
alone  with  a  more  stable  pressure  gage  so  that  after  tlie  machine 
is  once  calibrated*  the  entire  system  iroald  be  independent  of  any 
load  measuring  equipment  other  than  the  pressure  gage  itself* 
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1.   "Repeated  Loads  Above  the  Proportional  Limit  on  2k  2T  Aliciinum 

Alloy*,  3.1  .T.  Thesis  by  Captein  Conrad  N.  Nelson.   U..':.  Air  Force. 
P.   *  He  pea  ted  Lo&ds  Abore  the  Proportional  Limit  on  2^  ST  Alininicn 

Alloys   C.I.T.  Thesis  by  Lt.   Comdrs.   Edward  G.   Bull  and  Robert  L. 

Mastin,   U.   3.  Nary 
3.    •iteohanioal  Vibrations",   Den  3arta?,  McGraw-Hill,   1949 
4»   "Sffeots  of  Ijnpaot  upon  Single  Slaatio  Structures*,  J.  M.  Prankland, 

Proo.  2oc.   lisperinssntal  Stress  Analysis,   Vol.  71,  No.  2 
5-   "The  Direct-Stress  Fati^ae  Strength  of  1?  ST  Alundlnum  Alloy  Phrough- 

out  the  Range  From  1/2  to  3^0 •  GOG #000  Cycles  of  Stress,    2.   3.  Hartaoan 

and  G.  w.  Stickley,  NAGt.   Tech.  Note  ^o.   865 
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Reading 
1 
2 
3 

5 

6 

7 

8 

9 
10 
11 
12 

13 
U 

15 
16 
17 
18 
19 
20 
21 
22 
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TABLS  1 

Calibration  of  atpaln  Gages 

(Ck>nnected  in  aeries) 

Load  (lbs.) 

isaiiivoits 

100 

.310 

200 

.615 

300 

.930 

400 

1.22 

500 

1.55 

600 

1.85 

700 

2.15 

800 

2.49 

900 

2.78 

1000 

3.10 

1100 

3.41 

1200 

3.73 

1300 

4.03 

1^00 

4.35 

1500 

4.68 

1600 

4.98 

1700 

5.29 

1800 

5.(>i. 

1900 

5.93 

2000 

6.21 

2100 

6.56 

2200 

6.83 
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TABL.^  I  (Cont'd) 

23  2300  7.19 

24  2400  7.50 

25  2500  7.82 

26  2600  8.13 

27  2700  8.44 

28  2800  8.76 

29  ,  2900  9.09 

30  3000  9.36 
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TAHLS  II 

Static  Tenaile  Test 

25   ST  5   Surface  Boughndas 

Throop  Hall— Materials  Testing  Lab. 

Specimen  Diameter  0*3"   Areat  0.0707  sq.  in. 


Load 
lbs. 

#79 
RAg. 

#79 
Strain 

#80 
Oage 

Bdg. 

#80 

Strain 

in/in 

Average 

Strain 

in/in 

Stress 
p.s.i. 

0 

0 

0 

0 

0 

0 

0 

300 

2.0 

3.05x10*^ 

■..5 

3.905x10'" 

'^     3.477xl0r-4 

4243 

600 

5.3 

8.082 

4.5 

7.029 

7.555 

8486 

900 

e.o 

12.2 

7.6 

11.871 

12.035 

12729 

1200 

10.4 

15.86 

10.6 

15.557 

16.208 

16972 

1500 

13.0 

19.825 

13.3 

20.775 

20.300 

21215 

1800 

15.8 

24.096 

16.3 

25.460 

24.777 

25460 

3100 

19.6 

29.89 

20.0 

31.240 

30.565 

29701 

2400 

28.2 

43.00 

28. o 

44.206 

43.602 

33945 

2560 

42.0 

64.05 

43.0 

65.604 

64.827 

36209 

2700 

45,2 

68.93 

46.0 

71.862 

70.391 

38189 

2800 

76.0  114.37 

78.0 

121.84 

118.11 

39604 

2930 

85.2 

129.93 

88.6 

138.39 

134.16 

41442 

3000 

92.3 

140.76 

95.0 

148.39 

144.58 

43430 

3100 

102.9 

156.92 

98.6 

153.86 

155.39 

43847 

#79 1.525  X  10^  in/in/dlvislon 

iigo  —  1.562  X  10-^  in/ln/di vision 


Teat  X 

1 

3 

3 

4 

5 

6 

? 

8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
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TAHLiS  III 

Apppox, 

Gage  Setting  900  p.a.l. 

ffycie^ 

f'ftaa  (lb?) 

30 

2285 

100 

2357 

1600 

3143 

3000 

2671 

2400 

2600 

2600 

2571 

J>800 

2600 

3000 

2571 

4000 

2340 

4600 

2270 

5000 

2360 

5500 

2285 

6900 

2350 

8240 

2410 

10000 

2671 

70000 

2350 

74200 

2616 

76200 

2570 

262204 

Tailors 

Boughaefls  -  5^ 
Break  -  Plllat 
Are.  Load  -  2350  lbs. 
Stress  -  33,000  p.s.i. 


Tost  2 

1 
3 
3 
4 
5 
6 
7 

9 
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tahll:  IV 

100  2670 

1000  2610 

3520  2880 

3000  2720 

71050  2620 

71200  2760 

75000  2760 

63600  No  reading 

106000  yallure 


BocL^^ess 

-    5yU 

Break  -  FUlet 

Ave.  Load 

-  2700  lbs. 

Stress  -  38200  p.s.l. 

Test  3 

^?A\m 

1 

3 

• 

3 

4 

6 

Boughness  -  5  a 
Break  -  Fillet 
Ave,  Load  -  2900  lbs. 
Stress  -  41,000  p.s.i. 


TABL3  V 

Approx,  Oage  Setting  240  p«a*i« 

40  2960 

3000  2950 

8000  2970 

12400  3750 

16900  2850 

56008  Tallare 


Test  4 

1 

2 

3 

4 

5 

6 

7 

8 
Boo^hnesa  -  6/j. 
Break  •  Normal 
Ave,  Load  -  3100  lbs. 
Stress  -  43,800  p.s.i. 

Test  24 

1 

2 
3 

4 
6 
6 

7 
8 

Roughneas  ->  5yU 

Break  -  ?lllet 

Ave.  Load  -  3250  ll>a. 
Streaa  -  46,000  p.s.l. 
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TABI.iS  VI 

A-pprox,  Opjf?e  Setting  260  p.s.l. 

Qyclea  Ms4^^s.U 

40  3110 

2500  3160 

7600  2960 

11760  Ko  reading 

13800  3170 

20850  3100 

217:^0  3020 

32S72  ?ailare 
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TAHLS  VII 

Approx.  Qage  Setting  360  p.a.l* 

Oy<?3i?a  J*9^^  (lb? J 

3000  3240 

7900  3280 

7920  3250 

13100  3250 

13200  3250 

18000  3330 

18060  3270 

18374  Fallare 


1 

2 

3 

4 

5 

6 
Boughneas  -  5/x 
Break  -  Fillet 
Ave,  Load  •  3485  lbs. 
Stress  -  49,300  p*9*i. 
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TAaLS  YIII 

^prox. 

&a^ 

3ettin6  270  p.3,1. 

Cvclaa 

?rO^  (r^a.) 

3O"?0 

3480 

7680 

3500 

7700 

3470 

9900 

3500 

99*X) 

3500 

21002 

1ail\xTQ 

Teat  5 

1 

3 
4 
5 

6 
7 

8 
Bougfa&ess  *  5 


TA3LB  DC 

Approx, 

Oag©  Setting 

280  p.a.l. 

oyffil^a 

if9*4  a^^.) 

10 

3240 

7780 

No  ra lading 

7812 

34^:0 

93J0 

5330 

11600 

No  reading 

11660 

3360 

17660 

3580 

Machine  broke  do^A 


'/" 


-25- 

•TA3L2  X 


'"^ 


Tast  G 

Apxiro>:»  Oaii'O  3ett 

ins 

260  p.s»l. 

i>2rr4i2ifl: 

.&af»qa 

^pad,  (;i|:^,) 

1 

20 

3;360 

3 

1060 

3470 

3 

11^0 

3560 

4 

I6.i0 

■5520 

5 

1650 

3440     • 

e 

Machine  l)roke  do^m  »t  4000  cycles 

Soughness  -  5/x 

Teat  22 
Blading 

1 

2 

3 

4 

5 

6 

7 
Bou^hness  -  5^i^ 
Break  -  Fillet 
Ave.  Load  -  3360  Ibe. 
Stress  -  47,500  p.o.l. 


Approx.  da^   Setting  280  p.s.i. 


30 

1930 

5420 

9820 

13020 

16280 

18870 


3260 
3560 
3500 
3620 
3560 
3580 
Failure 


Teat  13 

1 
2 
3 

4 

5 

6 

7 

8 
Roaghnesa  -  Sa' 
Break  -  Hoznal 

Test  25 

1 

2 

3 
4 

5 
6 
7 

8 
9 

Roughness  •  5yU 
Break  -  Honaal 
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TABLS  XII 

App rox,  ^age  Setting  280  p.e^i, 

20  3460 

7540  3390 

7560  3570 

9400  3570 

9440  3500 

13460  3670 

13490  3670 

14564  IWilure 

Are.  Load  -  3520  lbs. 
Strese  -  49,780  p.s.i. 
TABLE  XIII 

Approx*  Gage  Setting  290  p.s.i. 


9y<jl9fl 

^^   a^3.) 

80 

Uo  reading 

600 

3550 

3420 

35S0 

7500 

3680 

10340 

- 

Ho  reading 

10540 

No  reading 

11240 

3610 

11260 

3590 

13700 

'/ailure 

Aye. 

Loj 

id  - 

o660  1 

03. 

3tre 

gs  - 

-  50, 

,300  p. 

t.i. 

Tast  7 

X 
3 
3 
4 
5 
6 
7 

e 

9 

10 

IX 
Boogfanesa  -  5/a 
Break  -  Normal 

Teat  33 

1 

2 
3 
4 

5 

fidughnese  •  5ju 
Break  -  Normal 
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TASLS  XIV 

'•« 

.t 

Approx« 

(>a^  Setting  300  p.a.l. 

Py<j)rf9 

'  Lpad  (lbs J 

10 

3440 

3280 

3540 

3320 

3540 

3400 

3540 

10750 

3660 

10800 

3730 

12750 

Ho  reading 

12800 

So  reading 

12980 

Ho  reading 

13430 

3670 

X9326 

Failure 

Ave,  Load  -  3690  lb 3, 
Stress  .  50,700  p.s.i. 
TABLE  XV 

Approx.  Oage  Setting  300  p.a.i. 

3000  3640 

7300  3830 

9580  3460 

9600  3610 

13832  Failure 

Ave.  Load  «  3630  lbs. 
Stress  .  51*300  p.s.i. 
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Test  9 

1 
2 
3 

4 

5 

6 

7 
Boughaeaa  -  5yu 
Break  <-  Normal 
Ave.  Load  -  3760  Xl>8« 
Stress  -  53,100  p.s.i* 

Test  10 

1 
2 
3 

4 
EDuglmesa  -  5yu. 
Break  -  Horaal 
Ave.   Load  -  40^50  Iba. 
Stress  -  56,800  p.a.l. 


IlABL3i3  XVI 

Apj^roz.  Gage  Setting  320  p»s.l. 

10  Bo  reading 

50  3630 

6740  3680 

6760  lo  rer^dlng 

7000  3870 

7060  3870 

9316  7iiilure 


1L*iBL?*  XYII 

Approz.  Gage  Setting  340  p.s.i* 

30  3S20 

loeo  4015 

3080  4120 

3240  FftUore 
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Test  XI  Approx.  Oa^  Setting  360  p.s.l, 

1  50  4450 

2  100  4510 

Z  ■  400                    439C 

4  550                  ?Rilar« 

Bresk  -  ITonaal 

Ave,  Load  -  4460  Iba. 

Stress  -  63,000  p.a.i, 

TA2LS  XIX 

Tdst  8  ^prox.  Gage  Setting  220  p«8«i« 

1  IC  2670 

2  4650  2620 

3  4800  2730 

4  540vO  280-0 

5  9320  2690 

6  15400  2710 

7  17200  2680 

8  77380  Pailur© 
Eoughnesa  -  50/a 

BrenJt  -  Fillet 

Ave,  Load  -  2700  lbs. 

Stress  -  38,200  p.s.i. 


Test  28 

Ap-p: 

Sfifi^.lttg 

Ci:clsa 

1 

10 

2 

4260 

3 

4500 

4 

6420 

5 

6440 

6 

8072 

7 

8080 

8 

9460 

9 

16180 

10 

15200 

11 

21860 

12 

21800 

13 

23660 

14 

48892 

Bou^hness  - 

60/^ 

Break  -  Tlllet 

Are,  Load  • 

2880 

11)9. 

Stress  -  40, 

,700  p.a.l. 
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fABLE  XX 

Ap"prox.  Gc^o  Setting  230  p. a.l. 

LQa£  (Iba.) 

No  re?»ding 

So  reading 

Ho  r8adi2ig 

2700 

2870 

2930 

2880 

2890 

2970 

2730 

3000 

2950 

2870 

Failure 


Test  12 

4pp] 

ileadin^ 

Cycles 

1 

5 

2 

30 

3 

660 

i. 

680 

5 

1600 

6 

1630 

7 

7000 

8 

11200 

9 

16830 

10 

36840 

Roughness 

-  50x 

Break  -  Normal 

Ave.  Load 

-  3000 

lbs. 

Stress  -  ^ 

^.2,400  p 

>*8*i. 

-CI- 
TABLE XXI 

^porox.  Qage  Setting  240  p.s.l, 


Load  (lbs,)  • 
3000 
3000 
2780 
3050 
3090 
3170 
3000 
3050 
2950 
Failure 


Test  27 

Reading 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Roughness 

-  50yU 

Breek  -  F: 

illet 

Ave.  Load 

-  3140  lbs. 

Stress  -  - 

44,/fOO  p.s.i. 

-32- 

TABLS  XXII 

Approx.  Qage 

Setting  250  p.s.l. 

Cycles 

Load  (lbs.) 

2980 

3120 

75>;0 

3160 

7560 

3230 

9560 

3150 

9600 

3090 

10650 

3140 

10670 

3170 

16200 

3010 

237-40 

Feilur* 

-33- 
TABLB  XXIII 

Test  15  Approx.  Oage  Setting  260  p.s.i. 

Reading  Oyclea               Load  (lbs,) 

1  10  3300 

2  175  3^70 

3  5010  3350 

4  11100  >;60 

5  I'^ieoo  3250 

6  17400  3290 

7  2053^  Failure 

Roughowas  -  50yM 
Break  -  Fillet 
Ave,   Load  ^  3350  lbs. 
v^tresa  -  Ul^lXjQ  p.e.l. 


■^       ^ 


TABIi^  XXIV 
Test  29  ^p-jrcTA^  Gage  /iJsttlng  27C  p.s.l, 

lycles  Loed  (Ib^, ) 

3570 
3570 
3440 
3470 
3450 
3390 
3290 
3290 
3490 
34(0 
Fellure 


1 

3810 

2 

3B3O 

** 
J 

7280 

1 
^ 

73CO 

5 

9710 

6 

9730 

7 

19300 

8 

19310 

9 

20970 

10 

21000 

11 

27370 

Roughness  -  50/u 

Break  -  Normal 

4ve.   Loed  -  343O  lbs. 

Stress  -  48,500  p.s.l. 

T«8t  14 


^^^.^HbSl 


3 
I 

6 

7 
3 

Roughnnsr.  -  50yui 
Break  -  ?Torfflal 
Ave,   J/y^d  -  3470  lbs. 
Stress  -  49t000  p.s.l. 

Test  16 
Reading 

1  • 

Z 

3 

Roughness  -  50/^ 
Break  -  Fillet 
Ave,  Load  -  3£00  lbs, 
^tress  -  50,900  p.s.l. 


-35- 

TABL*:  X^^V 

Approx, 

Oag© 

.>ttlng  230  p.s.l. 

CyeT?s 

lo&d   (lbs.) 

10 

3410 

40 

3410 

3760 

3390 

4000 

3560 

8840 

3540 

12860 

3^30 

20280 

3570 

24612 

Failure 

^ 


TABLE  XXVI 

Approx.  Oage  Setting  300  p.s.i. 

Oycl9B  Load  (lbs.) 

520  3630 

3280  3520 

8320  3650 

11^32  Failure 


T«st  19 
Reeding 

1 

2 

3 

U 
Roughness  -  50/^ 
Break  -  Normal 
Ave.  Load  -  3860  lbs. 
stress  -  5^»600  p.s.l. 


-36- 
TABLE  XXVII 

Aoorox.  Qege  Setting  3?0  p.s.l, 

CycTee  Lo^d  (lbs.) 

10  3860 

200  3360 

1020  3360 

2497  Failure 


Test  18 
Reading 

1 

2 

3 

U 

5     . 
6 


TA8LI3  XXVIII 

Approx.  Oage  Setting  3^0  p.s.l. 

Cycles  Load  (lbs.) 

10  4170- 

100       '  i^\l^ 

850  4170 

880  4170 

1900  4080 

2218  Failure 


Roughnees  -  50/a 
Break  •  Normal 
Ave.  Lo«d  -  4150  lbs. 
Gtreas  -  58,600  p.a.i. 


-37- 


Test  17 


Reading 


1 

2 

Roughness 

-  50/A 

Break  -  H< 

^rmal 

Ave.  Load 

-  ^160  lbs. 

3tres^  — 

58.800  p,8,l. 

7ABLS  XXIX 

Approx.  Gage  Setting  360  p.e.l. 

Cycleg  r^pad  (lb3») 

10  ^160 

18  Failure 


v^. 


-3P- 


TA3L^  XXX 

Aporox,  Gage  Setting  210  p.e,!. 


IC 
11 
12 
13 

1^; 

15 

16 

17 

IS 

19 

20 

21 

22 

23 

2U 

25 
Roughness  -  lOOyw- 
Break  -  Noroal 


Cycles 

L3*'*  (lbs.) 

UU 

2630 

IZ 

2570 

550 

2600 

570 

2550 

?980 

2550 

3000 

258C 

3650 

2550 

3660 

2550 

7250 

2640 

ized 

2550 

11200 

2440 

14600 

2520 

a450 

2610 

56830 

2520 

56840 

2630 

60125 

2670 

64300 

2550 

64310 

2620 

68000 

2600 

68100 

2600 

73890 

2660 

73900 

2660 

81090 

2500 

81100 

2500 

91378 

Failure 

Ave.  Load  -  2580  lbs. 

Strees  -  36,500  p.s.l. 

-39- 
TABLE  XXXI 

Test  35  Approx.  Qago  Setting  230  p.s.l, 

Reading  Cyclea                 Loed  (lba»)   '"   ^' 

1  868  2780 

2  31^  .         2810 

3  4320  2790 

4  8100  2760 

5  11200  2670 

6  14100  2760 

7  18500  2850 

8  22650  2710 

9  23945  Failui^ 

Roughn«88  -  100 /x 
Break  -  Fillet 
Ave.  Load  -  2760  lbs. 
3tre3e3  -  39»0X  p.s.l. 


T©3t  yk 

Reading 
1 
2 


5 

6 

7 

8 

9 

10 

11 

12 

13 

U 

HoughnoBs  -  100/x 

Break  - 

Fillet 

AvCo  Load  «  3080  lbs. 

3treso 

-  43,600  p.s.i. 

-40- 

TA3L::  xx:cii 

Apnrox, 

Qage 

Ssttln^:  250 

P»9.i. 

Cyclss 

±£ 

^d  Ubs.) 

167C' 

30,'?o 

3380 

3000 

8190 

3000 

10260 

30?D 

10800 

3073 

10820 

■  3090 

U710 

3070 

18640 

3090 

18^0 

3150 

20100 

3180 

23060 

3070 

23080 

3130 

25100 
27492 

3I8O 
Failure 

«41- 

lest  30  Aporox.  Q«ge  Setting  260  p.a.i. 

Rear^ln^  Cyclea  Load  (lbs,)  ,    . 

1  1730  3305 

2  -^590  337D 

3  4600  3300 

u  7930  3320 

5  11360  3270 

6  13200  3350 

7  16800  3290 

o  22338  Failure 

Roughness  -  100// 
Break  -  Fillet 
ikve,   r^fid  -  3300  lbs. 
otress  -  '46»700  p.e.i. 


-42- 


Test  32 

2 

3 


5 
6 
7 


T/*3LV  XXXIV 

Ap:^ror.   Ga^e  C^ttine  280  p.s.l. 

Cycles  hopA  C'bE.) 

1720  3i;?C 

451c  3610 

^530  3530 

?57;:  3440 

5590  3310 

IU30  344c 

IU50  3370 

L?754  FrJLlure 


Houghness  -  100y(> 
Brcfik  -  NoroAl 
Avo.   Load  -  3420  lbs. 
otresr  -  48,300  p.s.l, 


Test  31 
Reading 

1 

2 

3 

5 
6 
7 


-43- 
TABLS  XXXV 

Approx.  Qace  Sotting  300  p.s.l. 

Cyclee  Load  (lbs.) 

80  3330 

110  3350 

3850  3540 

3880  3720 

8570  3i;60 

8600  3640 

8680  Failure 


T 


Houghneas  -  lOOyo^ 
Break  -  fillet 
Ave.  Load  -  3505  lbs. 
Stress  -  49t500  p.s.l. 

Test  33 
Reading 

1 

2 

3 

4 

5 

Rou^ineea  -  lOOyu 
Break  -  Fillet 
Ave.  Load  -  363O  lbs. 
Stress  -  51t300  p.s.i. 


TABLE  XXXVI 

Approx.  Gage  Setting  3IO  p.s.l. 
Cyclea  Load  (lbs.) 

3660 


80 

100 

3906 

4000 

4924 


3600 
3630 
No  reading 
Failure 


Test  20 
Heading 

1 

2 

3 


TABLE  XXXVII 

Approx«  Oaf,e  Setting  >20  p.e.l* 

Cycles  Load  (lba>) 

66  3720 

500  3390 

7700  3950 

8310  Fallup* 


Roughness  -  100//<- 
Bp«Ak  -  Fillet 
Ave*  Load  -  3850  lbs. 
Stress  -  5^t500  p.s.l. 

Test  37 
Re&dlng 

1 

2 

3 

5 


TABLS  XXXVIII 

Approx.  Gage  Setting  320  p»s«l* 

Cycles  Load  (lbs,) 

30  3680 

50  3680 

1620  3940 

2640  4060 

2916  Failure 


Roughness  -  100  xx 
Break  -  H^rmal 
Ave.  Load  -  3840  lbs. 
Stress  -  54»300  p,s.l< 


table:  xau 

Test  21  Aporox.  Oage  Setting  3^0  p. 8.1. 

N6  readings.  Machine  broke  do^m  after  20  circles. 


*^K 


^^^ 


Roughness  -  100 


T,,st  36 
Reading 


1 

2 

3 

^ 

5 

6 

Roughness 

-  100/x 

Break  -  .formal 

Ave.   Load 

-  3970  lbs. 

Stress  - 

56,100  p.s.l. 

TABLE  XL 

Approx.  Oage  Setting  3^0  p.s.l. 

Cycles  Load  (lbs.) 

30  3820 

140  3880 

200  3940 

540  4100 

560  4120 

724  Failure 


mat  51 


1 
2 

3 
4 

5 
6 

7 
6 

9 

10 

11 
12 


-46- 

TABLS  XU 

Approx. 

Gage  Setting  210  p.a.i. 

ftrclffs 

IQSA  (1)}30 

20 

2320 

1390 

2600 

3790 

2340 

5060 

2600 

3260 

2720 

8300 

2650 

11700 

2500 

17400 

2520 

24:^ 

2630 

29600 

2520 

34050 

2500 

42096 

Failura 

Roughness  -  200 pt. 
Brnek  -  FnXet 
kre*  Load  •  2580  lbs* 
Stress  -  36,500  p.8.1* 


.' 

-47. 

;i^- 

TABLE  XLII 

Test  45 

Approx*  Oege  Setting  220  p«a*i. 

Rfa4^qe 

Qy^^^^p                J^^4  UfrsO 

1 

70                     2460 

2 

700                     2570 

3 

3400                    2660 

k 

6750                     2670 

5 

10610                    2690 

6 

12030                     2670 

7 

15790                     2720 

8 

I8250                     2700 

9 

22800                     2720 

10 

30140                     2720 

11 

37662                    Failure 

• 

Soughnees  -  200/a 

Broak  •  Fillet 

Ays.  Load  -  2660  lbs. 

Stresa  •  37t^OO  p*s*l* 

i 

i 
J 

! 

i 

h 

■j 

1 

•Post  48 
Fteadliy 

1 

2 

3 
4 
5 
6 

7 

8 

9 

10 

11 

Rou^ness  •  200  m 
BroaV  •  Fillet 
Ave.  Losd  -  2920  lbs. 
Stress  -  4l»30^  p.s.l 


-«J- 

T/3L!:  XUII 

Apprax. 

Qar^Q  jetting  2lp  p#«.i« 

Cy^i^gi 

^oa^  U^Sfl 

40 

2320 

1180 

2910 

3220 

2930 

6420 

2380 

8310 

28OO 

11450 

2-^10 

14160 

2930 

17700 

3010 

20200 

2980 

23430 

2920 

26432 

Failure 

-49- 

T43LS  XUV 

Test  5^ 

A 

I^adlna 

Qy<?^9? 

X 

^0 

2 

52X6 

3 

7220 

4 

7530 

5 

12^80 

6 

16270 

7 

X9450 

8 

22840 

9 

?5972 

Roughness  -  200/x 

Break  •  Normal 

A7e.  Load  -  3010  lbs* 

Stress  -  42t600  p.s.i. 

* 


Approx.  Crege  Setting  230  p.a.l 

2950 
3000 
2950 
2990 
3010 
3030 
3030 

3070 

Failure 
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TABU2  XL7 

Test  42 

Ap] 

^^ead^fip. 

c'y^^PP 

1 

40 

2 

1160 

3 

3190 

4 

4170 

5 

5220 

6 

7350 

7 

8160 

8 

3230 

9 

10100 

10 

11374 

Roii^Mesa  -  200/x 

Break  -  Fillet 

Ave.  Load  -  3255   lb«« 

Stress  •  1^6,000  p«0«l. 

Approx.  Gap-e  Setting  260  p«s.i. 

Load  (IboO 
3400 
3470 
3100 
3200 
3160 
3220 
3290 
3230 
3230 
Failure 


-51- 
TABIS  XL7I 


Test  41 


Approx.  Gage  Setting  280  p«8*i 


No  readings*  Msohine  broke  down 
HoDghjoess  -  200yu 


T6st  49 


1 

2 

3 

4 

5 

6 

7 

8 

9 

Roughness  - 

2Q0/A 

Break  -  Fillet 

Av^«  Load  • 

3460  lbs. 

Stress  -  49 

,000  p.s.i 

TABLH:  XLVII 

Approx* 

Gage  ^Jetting  280  p*a*i. 

Oyoleo 

U>p^  (IfrsO, 

40 

3540 

2520 

3420 

4090 

3440 

6940 

3440 

8210 

3420 

10810 

3530 

10830 

3460 

12550 

3450 

14476 

Failure 

Test  V^ 

1 

2 

3 
4 
5 
6 


-52- 
TA3LS  XL7III 

Approx.  Oag*  Settine  290  p.a.l* 

40  3630 

2010  3630 

4360  3650 

6820  3590 

9150  3630 

9033  Failur* 


RoDghnesa  •  200/x 
Break  •  Noxmal 
Ave.  Load  -  3^23  Iba. 
Stresa  -  31,200  p.a.l* 


Tbat  39 

1 

2 

3 


TABLS  XUX 

Approx.  Gege  .!jettizig  300  p«8»i* 

40  3312 

300  No  reading 

Maohlne  failed 


Roufihnesa  -  200/x 


Tost  46 

1 

2 
3 
4 

5 

Rouglinees  •  200^0. 


-53- 

'*-r, 

TkBUi   L 

Approx.  Gage  Setting  300  p«s«l« 

Cyff^off 

Mja4  UVl?«) 

46 

3530 

7680 

No  reading 

2640 

No  reading 

3690 

No  reading 

Eloctrioal  failure 

-54- 

tablt:  U 

Test  43 

Al 

Beadl^ift 

Ojns;^ 

1 

10 

2 

36 

3 

50 

4 

720 

5 

730 

6 

l?30 

7 

1250 

3 

1770 

9 

1800 

10 

2680 

11 

2700 

12 

3150 

13 

4670 

U 

5390 

15 

6280 

16 

7850 

Bouglnwsfl  -  200yU 

Break  •  Normal 

A7t».  liDad       -  3703  Iba. 

3tree8  •  S^tk^O  p.s.i. 

Approx.  Gaga  Setting  3^0  p.s.i. 

3500 

3660 

36-;?o 

3770 
3710 

3?90 
3670 
3730 
3f30 
3^0 
3690 
3810 
3810 
3690 
3690 
Failure 


^' 


-55- 

TABLS  Ul 

T&st  40 

Headinfi: 

Cycles 

X 

30 

2 

40 

3 

810 

4^ 

820 

5 

1120 

6 

1140 

7 

^80 

0 

2II1.OO 

9 

3150 

10 

3170 

11 

3710 

12 

3720 

13 

5000 

14 

5010 

2^ 

6440 

16 

6940 

Roughness  -  200/^ 

BreaJc  «  Fillet 

Ave.  L^ad  -  3630  Ibo. 

Ctress  -  52t000  p.s.i. 

Art-pTox*   ^p.ge  oettlng  310  p«3.i. 

•  3610 
36!^0 
3710 
37'^o 
JTho 
3710 
y^o 
3700 
3710 
3710 
3660 
3800 
3620 
3570 
3590 
Failure 


-56- 

TABLS  Ull 

Test  47 

%a4in« 

QfOles 

1 

88 

2 

100 

3 

640 

4 

650 

5 

2420 

6 

2450 

7 

4U0 

8 

5270 

9 

7556 

Rou^iu^as  - 

200yU 

Break  -  Plllet 

Avo*  Load  * 

3755  Iba. 

Stress  -  33 

•100  p*8«l* 

Approx.  Oeg©  Setting  320  p.s.l. 

3550 
3670 
3790 
3820 
3770 
3820 
3810 
3810 
FailvuTe 


V, 


^■ 


,r. 


Test  52 

1 
2 
3 
4 

5 
6 

7 

8 

10 
11 
12 
03 


-57- 

TABLE  UV 

Approx. 

Oage  Setting  320  p.s.l 

^c:^,^§ 

JLx>a4  U^?*,) 

30 

3650 

390 

3610 

800 

3720 

820 

3550 

1260 

3570 

1230 

3540 

2050 

3740 

2870 

3740 

3200 

3830 

3420 

3830 

4960 

3830 

6210 

3730 

7234 

Failure 

Houg2ine8s  -  200yu 
Break  -  Fillet 
Ave.  Load  -  3710  lbs. 
Stress  -  52t300  p.s.i. 


-58- 
TABLS  Vr 


•3V)st  53 

Approx.  Oaga  Setting  330  p.e.i. 

I^aAiTVI 

QyolAft                                        J^^A  Ubsvi 

X 

2i^                                                3930 

2 

40                                               3870 

3 

540                                                3830 

4 

780                                                3850 

5 

1016                                            Failure 

Rouf^mesa    ' 

-  200/A 

Break  -  Normal 

Avtt«  Load  • 

3945  Ibe. 

StroGs  •  5k-$300  p.a.i. 

tarij:  LVi 

Teat  30 

Approx-  Gage  letting  340  p.a.i. 

i^aA^Bfi 

Oyffi^Bf                                        3,oad  (;b3.} 

1 

20                                                3660 

2 

75                                       3725 

3 

150                                    3800 

4 

300                                            Failure 

Rouehness  • 

200/^ 

/ 

Break  -  Normal 

Ave*   Load  - 

3730  lbs. 

Straso  -  52 

,750  p.s.i. 
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Fig.  3 
General  View  of  Machine 


Fig.  4 
Hydraulic  Section 
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a.A.L.C.I.T. 

(^e 

Stractures  Labor? 

Ltory 

Eaughne^s 

Bef&ding  :To. 

laectrlo  Load   Cycles 

Height 
Inches 

1 

1000         4 

0.27 

2 

2000         4 

0.55 

3 

3000         4 

0.81 

4 

4000         4 

1.08 

Ave. 

0.27 

5 

4 

0.70 

6 

4 

0.70 

7 

4 

0.70 

8 

2000        4000 

0.60 

9 

3000        4000 

0,91 

10 

4000        4000 

1.19 

Are. 

0.30 

11 

4000 

0.78 

12 

4000 

0.78 

13 

4000 

0.78 

14 

1000        8000 

0.20 

15 

2000        8000 

0.40 

16 

3000        8000 

0.61 

Ave. 

0.20 

17 

8000 

0.52 

18 

8000 

0.62 

19 

8000 

0.51 

Sample  Teat  '  ^■ 
Date 


Actual    Tensile 
Load  Ibe.  Load  p. 3.1. 


2590  36600 
2590  36600 
3590     36600 


2600  36800 
2600  36800 
2600     36800 


2590  36600 
2590  36600 
2550     36000 


Reading  Ifo, 


]Sleetrio  Load    Cycles 


Height   Actual     Tensile 
Inches  Load  lbs.  Load  p.s.i, 


61 
62 
63 

64 
65 
66 
failure 


3000 

3000 
4000 


76000 

0.44 

76000 

0.67 

76000 

0.80 

Are. 

0.22 

76000 

0.57 

2590 

76000 

0.57 

2590 

76000 

0.57 

2590 

77380 

niiot 

Break 

ng.  10 

f^lcal  Data 

Sheet 

36600 
366C0 
36600 
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